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(71) We, Sbvcon Engineering Limit- 
ed, a British Company, off Kiingsmay South 
Team Valley, Gateshead -111, Durham, former- 
ly of 120 Queensway, Team VarLfey, Gateshead 
11, Co. Durham, and Ransomes Sims & 
Jefferies Limited, a^Brirish Company, of 
Nacton Works, Ipswich, Suffolk formerly of 
Orwell Works, Ipswich, Suffolk, do hereby de- 
clare the invention for which we pray that 
a Patent may (be granted Do us and tffae method 
by which it lis (to be performed, to be particu- 
larly described in and by irihe following state- 
ment: — 

This invenftom relates (Do eileatnrdaillly-operat- 
ed drive systems. More parttisraitarly, the inven- 
tion is concerned rwach dedtiacsally^eratted 
drive systems in which awo D.C. electric mo- 
tors are capable of being suppEed with differ- 
ent driving power. 

It is well-known that the differential action 
required when the two driven wheels on a ve- 
hicle have to negotiate a curve or corner, can 
be provided by ithe use of (two DJC. series 
wound electric drive motors driving each. of 
the wheels in question. These motors are con- 
nected in such, a manner (that (the cuxtrent flow- 
ing in each of the motor armatures is the same 
at add times. The preferred method of obtain- 
ing; this itsdfc lb ft» connect the two armatures 
in questtton m senses across the supply. In this 
case the retardation of the inside motor does 
not lesrift: tin excess current flow {through it, 
since Che current as KmMfiraf by tth^ corre- 
sponjding increase in speed of the outside mo- 
tor. The above system, however, suffers the 
defect of a& such differential systems in that 
of one of the driven wheels Soses aits adhesion 
to the surface on which fit drives* the comple- 
men rCary aaflofror is unable no produce any driv- 
ing torque. 

One object of rtms faveotfion 5s no provide 
a simple electrica%-cpeiiatted drive system of 
the kind set forth in which the above-men- 
•■ is overcome. 



A further object of <che invention is the pro- 
vision of an improved dectricafly-operatjed 
drive system in wfcfeh two D.C. efeotric motors 
are capable of being supplied with diflferent 
chiving power. 

The present (invention consists in an efeccri- 
caily-operated, differentially variable drive 
system lbs wMch two D.C. el'datnBc motors are 
capable of being supplied with different driv- 
ing power, comprising two electric motors, fcwo 
semd-oonductor switching devuees ibr •respec- 
tively cotmedfimg the motors to and, disconnect- 
ing Ithe manors ftom efcextorioal supply means, 
a master electrical oscillator tfor providing re- 
spective output ftralins of eledtrical impulses to 
effect actuation of the switching devices there- 
by repeatedly «o connect each electric motor 
to and! dlaaomiect each electric motor foam the 
eJectricat! supply means, first contcral means for 
continuously conifidoIEng die output trams of 
electrical impulses , from the master oscdHator 
thereby mo vary in like manner the smtxA&ag 
of the switching devices so as equally to vary 
the mean power supplied to each motor, and, 
second control means operable to affect switch- 
ing of the switching devices so as continuously 
to vary trhe mean power supplied to one motor 
relatively to the mean power supplied (to the 
other motor. 

The use of a single osriitaor <o supply 
pulses for operating both sw&xahmg devices 
greatly simplifies the cmbfery involved in the 
dnve system and (therefore results in a drive 
system which is cheaper in finfo&l and mainten- 
ance coats. 

Advantageously, the sema^sonstfiKflor switch- 
ing devices comprise respective main thyristors 
disposed in series wiith the electric motors. 

Suitably, the means for varying the ratio 
of the time of connection to and dfiscomiocfibn 
from (the supply means of at least one of the 
motors so as to render different the power 
supplied to each motor mcluxfes pu&e delay 
circuits iriterposed between output connections 
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of- the? ."master oscillator and -the respective 
thyriseors, ynf**™ for simultaneously ccuinnu- 
tating (the t™*™ thyristotr and meaas for vary- 
ing the delay otf at least one of the delay cir- 
5 . cifflts, lite arrangement being such that on vary- 
ing <the delay of one relative to the other of 
; Vine delay circuits the switching on of one of 
* the m&in thyristors to connect die motor asso- 
ciated Witji that, thyrdstor to .the supply takes 
16 .'ptece after; die switching on of the other main 
'TlryrgittKr ; 'so that on simtrittanemis commutation 
of. die "main diytristeor one has conducted for 
a shorter period than the other. 
Advantageously, a single circuit is employed 
15 to effect simultaneous oommuaaiflion of the 
semi-conidliafior switching devices. 

The inveaiLon wl now be described, by way 
of example* With reference to the accompany- 
ing drawings, in which : 
20 Figure 1 & a block schematic diagram of 
an electrically-operated drive system employed 
for the control of D.C. eleonric motors of a 
battery-powered vehicle; - 
• Figure 2 is a diagram iUuscradug the pr;nci- 
25 pal components of die power carcudfr . of the 
drive system of Figure 1; . 

•Figure 3 is a ciicuit diagram of the principal 
-compoaenfls of .a master oscillator employed in 
die system of Figure 1, this diagram also in- 
30 eluding a speed control employed in the system 
of Figure 1; 

Figure 4 4s a circuit diagram illusmrating the 
principal cornponenits of a pulse width regula- 
tor employed in the system , of Figure 1; 
35 .. Figure 5 is a circuit diagram of one of two 
delay circuits employed in the sysfrem of 
Figure 1, tins dtfag^am also andhidong elements 
of a differentiial unit forming part of the system 
oSFSgiarel; 

40 : - Figure GiMusfcraites a rfrcuit for limMng cur- 
; rent- [through the motors of. tthe system illus- 
trated dn Figure 1; - - 

Figures 7 to 9 illustrate other forms of com- 
mutadng circuits which can be employed in 
45 the system of Figure!. 

Throughout the drawings like parts have 
been accorded the same references. 

Refaring first to Figure 1, an electrically- 
operated drive system is employed for die con- 
50 trol of D.C series motors 1 and 2 of a vehicle 
V po w ered, by a batasery 3. In* electrical series 
.redatt^onsMp <w£th the - motors 1 and 2 arte re- 
spective main thyristors 4 and 5, each main 
myristor and ins associated motor .being con- 
55 neated m series no die poaztive lead 6 and 
v& negaftive fead ~7 of die battery. The gate elec- 
trode, of- each main drycistor 4. and 5- is con- 
nected by. way: of a pulserdeJay, circurt 8 and 
9 to me output connections of a master oscxtia- 
60 tor 10. Ther master osdflaoor 10 thus: supplies 
l£. mta ng"fa** - rf«3tercffll impulses by way- of the 
pulse, delay catenates 8 .and 9 respectively to 
the Tr^-fr thyristors: 4 and- 5 in series with the 
vehicle motors* A. •first control means compris- 
65 ing speed control 11 *s provided which sup- 



plies a variable voltage to the master oscillator 
so as to vary the" output pulses from die master 
oscillator and thereby vary the duration of *tfie 
time of connection to the baHtery oo the time 
of disconnection from the baittery of each of 70 
the motors. A pulse width regulator or turn- 
off oscillator 12 is provided which actuates a 
commuting circuit 13 to effect switching off 
of the main thyristors 4 and 5. It wSU be noted 
that a feed back lead- is provided from the 75 
commutatihg circuk 13 to tthe master oscillator 
■10 and .pulse widith regulating circuit or turn- 
off oscillator 12. 

The delay caused by either or bom of the 
pulse delay circuits 8 and 9 in the supply of 80 
pukes {from the master oscillator 10 to die 
Siyxuscors 4 and 5 can be varied by means 
Of a second control means which includes^ dif- 
ferential circurt 14 which consists of a variable 
potentfometer, -the adjustanecK: elf which effects 85 
the requisite variation of the delay caused, by 
c : route 8 and 9. In the arrangement of Figure 
1 .the parenriomcSer 14 acts to change the delay 
e&her of delay circuit 8 or delay circuit 9 
whilst -the. deiay of the other circuk is main- 90 
rained constant. The speed control dement 11 
is operated by .the accelerator pedal of (the ve- 
hicle whilst the differential circuit 14 is oper- 
ated by rotaaifcm of the steering wheel of the 
vehicle. Depression of the accelerator pedal 95 
acts to increase the frequency of pulses sup- 
plied to the main thyristors 4 and 5 and there- 
by increase die speed of the vehicle whilst ro- 
tation, of die steering wheel adjusts die differ- 
ential circuit 14 so as to increase the delay 100 
of pulses supplied to one or other cJf the thyris- 
tors 4 and 5. 

As hereinafter fully explained the commuta- 
4&>n circuit 13 is operated by the circuit 12 
simultaneously *o commutate the thyristors 105 
and 5 and, itherefore, a delay in the pulses 
supplied from either of the pulse delay circuits 
8 or 9 to the main thyristors 4 and 5 has 
the effect of reducing the mean current 
through the motor connected with the- relevant 110 
main thyristor; that motor accordingly, slows 
down and the vehicle moves in a. curved path 
with (the slowed down motor operating the 
drive wheel -of die vehicle at die inside of the 
curved path. It will be apparent that-tfae- speed 115 
controf 11 varies the (frequency- of pulses foam 
ths master oscillator and dierefbre varies the 
frequency of pulses supplied to the gate elec- 
trode erf the main thyri soots 4* and. 5, these 
pulses being simultaneously * comrnutated 120 
through operation of the pulse width regulator. 
Instead, however, of varying the frequency of 
pulses it is possible to use pulses of fixed fre- 
quency and variable pulse width. To this* end 
the master oscillator would deliver oo the. delay 125 
circuits pulses of constant frequency -which 
would be delivered subject to the delay caused 
by the delay circuits to die gate dedtrodes of 
thyristors 4 and 5 and a predetermined time 
after the initiation of a pulse from the master 130 
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osoil£atx>r to die delay circuits, die pulse width, 
regulator wouM operate aiamdltanoously to 
cojnmutate thyrizJDors 4 and 5. 

In Figure 2 tine maim components df the 

5 power circuit and commut&ttiiig dtrcudt arc 
illustrated. It will be noted that the main 
thyrisDor 4 is shunted by a series patrh ownprfs- 
•bg diode 15 , inductor 16, dryflBfior 17 and 
commamting capacStJor 18 whilst die main 

10 diyristor 5 fe shunted by a semes path, compris- 
ing dlbde 19 tin series wtfoih the components 

16 to 18. The didoes 15 and 19 are also dis- 
posed in serCes wMi Ithe anode of a diode 20, 
the cantode oif whfnch is connected to the posd- 

.15 dve ieatf 6 of ithe faamcery. Accmiingily, the 
dfiocfes 15 and 20 to the usual free-wheel 
diode paah for (the motor 1 winch, maintains 
current flow through tehe motor during the in- 
terval between commutation of the thyristor 4 

20 and (the next puke to die gate electrode there- 
of.' The diode system 19 and 20 simiifcarly ads 
as a tfree^wheel paith for ithe mcfoor 2. Shunting 
the ccmmaDammg capacitor 18 is a further h> 
duooor 21 and myristtxr 22. Qmnected between 

25 the fposMve lead 6 of die batctery and the com- 
mon point of die capacitor 18 and diyristor 

17 '£9 a series p&di contaanting die key switch 
23 of die vehicle, a diode 24 and a resistor 
25. 

30 At the commencement of operation, the clo- 
sure of the key switch 23 causes die capacitor 
IS mo charge wrath &s top piste positive. A 
pufee supposed (from the master oscillator at 
the gate electrode of thyristor 22 then has the 

35 effect of revense charging die capacitor so that 
die beftttom plate thereof becomes posstave wDth 
. respect no the top plate. Hie tendency for the 
charge on the capaojoor to reverse again in os- 
cillatory manner 'has die etfifbett of commutaiing 

40 thyrisDor 22. The supply of pulses to (the gate 
electrode of thyristors 4 and 5 from the master 
oscillator by way of the delay circuits 8 and 
9 cause current flow dirough die motors 1 and 
2 until a fining pulse is supplied to the gate 

45 deotrode of thyristor 17 by the pulse width 
regulating circuit 12 whereupon thynstors 4 
and 5 are coromutated, (the capacitor 18 being 
discharged voa die baotcry 3 and then forward 
charged via the motors 1 and 2, the diodes 15 

50 and 19, the tefuotar 16 and die dryriOToar 17. 
The forward charging of ithe capacitor 
proceeds by virtue of the presence of the in- 
cfuctor 16 to a level a little in excess of battery 
vokage, at which pcam (the current flow 

55 mrough diyrisior 17 fails below die bold vahie 
for (tissst nhyxistor wttScfa ^ jaocr^rdilngty oommu- 
tated. A subsequent pulse suppled Irom the 
master osdEMator to the gate of thyristor 22 
causes reversal of the charge on the capacitor 

60 18, the master oscillfator also supplying pulses 
v3a the delay ciicuSDs 8 and 9 to die gate elec- 
trodes of the *rtBrtnr^ diyriafiors to trigger die lat- 
ter ribto doiKhiation ami the cycle of operation 
thus continues. 

65 Shonmaig contactors 26 and 27 cure provided 



which, when .the mean currertlt flow through 
the motors 1 arid 2 and their associated main 
ithystaors 4 and 5 is a tnaxhnum, are closed 
to give continuous current flow through die 
motors. This occurs at a predetermined 70 
depression of the accelerator pedal and these 
contactors are anloomaiticaMy opened as the pe- 
dal is raised above said predetermined depres- 
sfeon. 

Referring now to Flrgiure 3 which illustrates 75 
the principal components 'of the master oscilla- 
tor 10, k will be netted that connected across 
the positive anicil'negaituve k^ds 6 and 7 of die 
hairtery is a resistor 28, the speed control resis- 
tor 11 and a zener diode 29. A further zener 80 
dSode 30 shunts die speed control" resistor 11. 
The zener diodes 29 and 30 serve to stabilise 
the voltages ;respeMvdy of tBiSQs '31 and' 32, 
between each of which rails and the negative 
lead of the battery ore capacitors 33 atnd 34 85 
which absorb any voltage surges which tend ' 
to occur at the rails 3 1 and 32. 

Wiper arm 34 of the speed control resistor 
11 is postDclbned by the foot pedal of the vehi- 
cle and ajppStes a p^enrM to ithe base of p.n.p. 90 
transiSDor 36. The collector of thrs transistor - 
is connected to the negative lead 7 of (the bat- 
tery whilst the emitter is connected to the base 
of p^n.p. transfetor 37, ithe emitter of which 
is osmedred via a reactor 38 to the voltage 95 
rail 32. The coitector of trarisisajor 37 is con- 
nected to one side of a capacitor 40, the 
other side of which is connected to the negative 
lead 7 of the battery. As the voltage defiference 
between the wiper arm 34' and the sta- 100 
bilised voltage rail 32 increases so the 
potential at the base of transistor 36 be- 
comes •increasingly negative with respect to the 
rail 32. The poteniteal at ithe base of trransidtor 
36 controls the potential at the emitter thereof 105 
and therefore die potential at the base of tran- 
sistor 37 so ahofc dris %gter treasxssxfr becomes 
more heavily conducting as dee pcrtenjflfal out the 
wiper asm 34 ifafts (further betow the potential 
at the raSJ 32. As Ithe transistor 37 becomes 1,10 
more heavsHy condaidting so die capacitor 40 
charges more ra^ririly. The rftp^K%?r 40 tto- 
^gemer woth p.n.p. transistor 41 arid n.p.n. tran- 
sistor 42 forms a relaxation oscztktor. To this 
end, the common point of the capacitor 40 "and 1 15 
collector of transistor 37 &s connected visa a 
resistor 43 to the emftiter of transistor 41, the 
collector of whfch is connected to the bale of 
transistor 42 whilst die base of trarflistor 41 
is connected to «he collector of transistor '42, 120 
the emter of die 'Matter tranoijtxxr being coK- 1 ' 
netted to the negative lead 7 of the battery. 
The common point of the . base of transistor 
41 and the collector otf transistor 42 ds connectr 
ed by way of a resistor 44 to the base of p jo .p. |25 
tranaktor 45, die base' of th^.iaanjer aran^tfstor 
being fumiher connected by means of afresistor 
46 to die stsbltHsed voOtage rati 3-1. The «mfrttrr*r 
of transistor 45 is directly connected '&> die 
stahcJised voltage cail 31 whrfet the coJlecoocr 130 
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thereof is connected via resistor 47 and the 
primary •winding of a transformer 48 jto the 
negative ***** 7 of The battery. Shunting the 
resistor 47 and the primary 'winding of trans- 
5 former 48 is a diode 49. The secondary wind- 
ing of transformer 48 ds shunted by a resistor 
50 and also by a diode 51, the output of the 
secondary winding of the transformer 48 being 
applied between the 'gate and catthode etec- 
10 trodes of a thyristor 52, 'the anode off which 
thyr&teor ds connected to the anode of the tran- 
sistor 22 for reversing charge on the cpmpu- 
taMng capacitor 18. An output of the transistor 
45 is adxSLtzonafltly itaken to each of .the delay 
15 circuits 8 and 9. 

Aft a predetermined 'level of charge on the 
capacitor 40, the emitter of transistor 41 be- 
comes positive with respect to the base thereof 
so that izanststor 41 <x>manences tt> conduct 
20 and base cuirentt flows in txans&tor 42. The 
condudEom. of transistors 41 and 42 rapidly 
discharges the carjaxitor 40 with the result that 
the base of transistor 45 is driven negative and 
a current pulse as conducted through the tran- 
25 sis tor 45 which provides an output pulse which 
is suppHed to each of the delay circuits 8 and 
9 and also ds applied to the primary winding 
of transformer 48. The consequential pulse ap- 
pearing in the secondary winding of trans- 
30 former 48 renders fine thyristor 52 conducting 
with ihe result that a pulse (es app'Med Ito One 
gate electrode of ithyristor 22 turning on (hat 
rhyrisrtor and thereby ejecting reversal of 
charge on the capactar 18. lit wffl be apparent 
35 that She rale at vvfonrih pulses are applied to 
the gate electrode of thyristor 22 as governed 
by the rate of charging of the capacitor 40. 
Accordingly, it wEl be seen fchatt die location 
of the wiper aim 34 determines the pulsing 
40 frequency of ithe uaaster oscillator. 

It ds Impontant that the capaexoor 40 should 
not charge until qftxe cotmmutBfring capacitor is 
fuHry fur waul charged. To ensure this there 
is provided an n.p.n. transistor 54, the collector 
45 eminter path of which Ss connected in parallel 
with (the capacftor 40. The base of transistor 
54 is connected by way of a resistor 55 to 
•the cdBedtor of a p-n.p. transisaor 56, the emit- 
ter of which is "™™"^* to the stabilised vol- 
50 tags rail 31 and the base of whrich is connected 
by way of a resistor 57 and diode 58 to the 
voltage rail 31 and by way of a resistor 59 
to the negative lead 77 of the battery. The com- 
mon connection of the cathode of thyristor 17 
55 and commutaaang CRpaoftor 18 is connected via 
a diode 60 to the base of ffiranSEStar 56, and 
via series connected capacitor 61, resistor 62 
and diode 63 to the collector of transistor 56. 
A diode 64 is connected between the negative 
60 lead 7 of she battery and the oooimon point 
of resistor 62 and diode 63. As the conunutat- 
ing capacitor 18 commences to forward charge 
the transisaor 56 remains in a conducting con- 
dition until the potential at the base thereof 
65 exceeds the potential of the stabilised voltage 



rail. Whilst .the transistor 56 is conducting, 
base current is fed into the transistor 54 which 
therefore shart<arcuiftB capacitor 40 preventing 
<me latter ifirom charging. When the transistor 
56 is rendered non-conducting* the components 70 
61, 62 and 63 maintain the transistor 54 in 
a conducting condl^cnm until the capacitor 18 
is fully forward charged at which point (the 
transistor 54 becomes noi>«nducting thereby 
penmrtfltling the capacitor 40 to charge. 75 

Referring now to Figure 4 which illustrates 
the pulse width regulator, the cathode of 
shyristor 1-7 is connected by way of a resistor 
65 to the base of n.p.n. transistor 66, the base 
of this transistor being further connected by 80 
resistor 67 to the negative lead 7 of the bat- 
tery. The emitter of (transistor 66 is connected 
drectly to the negative lead 7 of the battery 
whflst the collector (thereof is connected via 
a resistor 68 to the base of p.n.p. transistor 85 
69. A further resistor 70 connects the base of 
transistor 69 to the stabilised voltage rail 32. 
The emitter coHector path of translator 69 is 
connected in series with a diode 71 across a 
capacitor 72 the latter being connected in 90 
series with a resistor 73, the series path of 
the capacitor 72 and resistor 73 being connect- 
ed between the stabilised voltage rail 32 and 
the negative lead 7 of the battery. The coflec- 
tor of transistor 69 is connected via resistor 95 
75 ito (the emdnter of n.p.n. transistor 76, the 
collector of whfichi 5s connected to the base of 
p.n.p. transistor 77, the collector of this latter 
transistor being connected to the base of tran- 
sistor 76. The emitter of transistor 77 ss con- 100 
neoted directly to the Bitabihsed voltage (rail 32. 
The common connection of the coHector of 
ttansistor 77 and the base df transistor 76 is 
connected via' a resistor 78 to one end of die 
primary winding of transformer 79, the other 105 
end of ahe primary winduog being connected 
to the stabilised vofcage rail 31. The secondary 
of transformer 79 is shunted by a resistor 80 
and by diode 81 and is further connected be- 
tween the gate and cathode dectrodes of a 110 
thyristor 82, (the anode of which connects via 
a resistor 83 with ithe anode of tiryxistor 17 
whilst the carhrwfc of myrisDor 82 is connected 
to the gate deccrocfc of thyristor il7. 

The operation of the pulse width regulating 115 
circuit 12 can now be appreciated. So hmg 
as the common connection of the cathode of 
thyristor 17 with (the commutating capacitor 
18 ds at a positive potential the transistor 66 
is held in a conducting condition ^and ^s keens" ~ 120 
transistor 69.irt a-condurting State so that the 
capactar 72 is shoif£<arc«ited and thereby pre- 
vented from charging. When thyristor 22 is 
fired into conduction the charge on capacitor 
18 (reverses so theft (the common connection of 125 
the cathode of thyristor 17 and cornmi ftating 
capacitor 18 goes negative with respect no die 
negative lead 7 of the battery and the transis- 
tor 66 is thus rendered non-conducting with 
.the result that transistor 69 also ceases to con* 130 
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duett Capacitor 72 now begins to charge in 
accordance with the time cocnsftant of tftar ca- 
pacitor and resistor 73. When the poten- 
tial at the junction of capacitor 72 
5. and resistor 73 falls to a predeter- 
mined point bdow die potential of the stabd- 
lised votege rail 31, ie. die poteritM eit the 
base of tcransistar 76, icransastox 76 commences 
to conduct and turns on transistor 77 so that 
10 diecapatifiCoa- 72 is impurity discharged and a 
current pulse flows tihrougb tthe primary wind- 
ing of transformer 79. The vofitage which in 
conse quence appears Bit the sedcmrfaiy winding 
of flransformer 79 causes diyristor 82 to be 
15 rendered conducing and dife £n turn causes 
a firing pulse to be applied to die gate elec- 
trode of thyristor 17. Simultaneous commuta- 
tion of die maim thyrastotns 4 and 5 therefore 
occurs and die oosntzsuoaiitbg capacitor <b once 
20 a^ain toward charged: It wfitt be seen, there- 
fore, that she master osrfBJBlDar (in 8cs action 
of crendbring coadutSmg lite thytastor 22 has 
in eflfedt synx±romsod die puflse wiidlth reguiBa- 
tor 12 to commutate die mean tchyxdsoors 4 and 
25 5 a give n fee after die master osriflJ&ttoir has 
deMvered a pulse to rhe ttnanstormer 48. The 
given it&ne between die riraBtSattbn of amduafion 
of diyttdsrtJar 22 and die ooramuaaaon of the 
main thyristors 4 and 5 by reason of thyristor 
30 17 bemg (rendered condudCmg as determined 
by the time constant of capacitor 72 and 
resistor 73 of the pulse width reeulaftme 
cuxcufit. & 
Referring now to Figure 5 which illustrates 
35 the pudse dfe&y circuit 8, tthe totter being rimi- 
fer to the puBse delay dxeak 9. Transistors 
90 and 91 which are n.p.n. transistors form a 
rniorK»gtCTfafle tmuM-vibta/Bor. Tb this end, die 
emitter of transSstJor 90 as datcdy* rrgr»>pn^r| 
40; the negative tod 7 of die battery whilst die 
collector itfoereof & connected vfe. resfetar 116 
to the stabilised voltage rail 32. The base of 
transistor 90. has connected in series therewith 
diode 92, capacitor 93, dBbde 94 and resistor 
4£ 95, die Salter oesastar fetfeng connected to due 
coBeuiitt Jolf transSsttor 45 An die master oscalla- 
«or circuit Cflhe co mm on point of capacctar 93 
and diode 94 is ooaneoced viia resistor 96 to. 
die negative tad 7 of the tottery and die com- 
5a man panst «f (the capacitor 93 find diode 92 
is connected via resistor 97 to die negative lead 
7 of tthe baffitetry. The caffectar of Sian&stor 
90 is connected via capadtor 98 and cfiode 
99 to die base of laausfoiur 91, die emitter 
55 of isaoastor 91 being cfireody connected to die 
negative dead 7 of the barctcry wtoSst die collec- 
tor dya df is connected via tester il00 and 
capactor 101 no die base of; p.n.p. transistor 
102* The common connection of capaailtor 101 
60 and resistor 100 is oonnooted v& a resistor 103 
to die stabdHsed - voltage rail 32. The collector 
of itittBstoor 91 is connected by way of a resis- 
tor 104 wflth die base of ttxansLdtar 90. Abo, 
•the common connection of capacitor 98 and 
65 doxfe 99 is connected to tthe stabilised voltage 



rail 32 by way of a (resistor 105 and a diode 
106. The eriMiter of ttnansfooor 102 is directly 
connected to fthe stabilised voltage rail. 32 
whilst the oolfaaoor- of that itaansisrcor is con- 
nected van a resistor 107 and die primary 7Q 
winding otf a mnstotmer 108 to die negadve 
fead 7 of die tetery. The secondary wtafing 
of transformer 108 whfch m shunted by capaci- 
tor 109, resistor 110 and diode /111 Ss connect- 
ed between die gfatte tand cantode eOedteodes of 75 
thyjrisoor 112, the anode of which exxrmeats vk 
resbtor 113 and paitaiilel amnecflEd resiscor 114 
and capacitor 115 w&b the anode of thyristor 
4, whilst tthe cadaode of /thyristor 112 is con- 
nected width the gaite electrode of thyrdsDor 4. 80 

The operation of the delay circuit can now 
be appreriiafted. In tthe st&ftac condition of die 
muM-vibrdtxxr formed by the tcnaasisaxs 90 
and 91, taansiscor 91 is. held in corxiucfflBan due 
«o die pasMve feed into tks base vfia resistor 85. 
105. ©ec&use of die corjduattibn otf teranaistor 
91 (the pottenltual at (the cwllecfDor ahereof is sub- 
stantially that of the negative side of the bat- 
tery so tttet die iprmwmil at ftfae base of transfe- 
■tor 90 is stififikrcoftlty neg^Dwe «x> faoM ttmdsrstor 90 

90 an a twrn-comiurJiEng mode. When the mas- 
tar oscillator generates an output pulse das is 
itu-aifiomettted by way trf resdsuor 95, diiode 94, 
capacitor 93 and dbde 92 into die base of 
transistor 90. This pulse is a positive-going 95 
pulse and it has the effect of momentarily turn- 
ing the transistor 90 into full conduction. As 

the capacitor 98 was fully charged via resis- 
tor 116 when the aaanaisCor 91 was conxiuacmg, 
the etfifioat of rendering aasnsfcoor 90 <^nducong 100 
is to bring tthepotential of the collector of tran- 
s&ttxxr 90 effectively <tx> that of the negadve side 
of the hatttery so chat tthe oo mi m ou poinit of 
diodes 106, and 99 and the capacitor 98 is 
driven negaaiive wtftfa respedt to due negative 105 
side of the barfltery. Transistor 91 is ahus turned: 
off. The poteno&d of die cafiedtar of transraoor 

91 thus turns positive and thieves the base of 
transistor 90 positive so that transistor 90 is 
fufly tturaed on, bectaoise of die positive ted 110 
oiflD the base of toansistor 90, via die resisoors 
103, 100 and 104. The moxBostahfe rmdtd-vi- 
brator has now reverted <tx> its aJteraamve state 
with titansisDor 90 Sn full conchicttilan and tran- 
sistor 91 in a non-conducting condition. This 115 
stateas s^eas rongaseapaicW 98 inamtatns 

Ets charge, iSlat ds too say as tong as the potenrtial 
appeaidng at tthe junctiion of the diodes 99 and 
106 remains negative with respect to the nega- 
uve side of the battery. The tfmr constant 120 
which governs (the charging of oapacScor 98 to 
d»e point where the junction of dftxfes 99 and 
106 ds no hmgetr tnegatt^ve wilth respect to the 
negadve side o*f die battery is determined by 
(the capacHtJor 98 and die effective tesastance 125 
appearing across resSsttance 105. Alt die ter- 
naanannon otf dx& n&ne consianlt, die potendal 
at die junction of diodes 106 and 99 rises to 
a level at which transferor 91 recommences to 
conduct. When .this happens, die positive feed 130 
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vfo resistors 103, ICa and 104 too the base 
of raaiKttSCar* 90 ceases because die ooftleocor 
of transistor 91 has 'been bioughit dffeocively 
(to the poiteniiM- of the- negative sSde of .the 
5 battery so ftibat'aiansfeoor 90 as switched off. 
When ithe -transistor 91" oommeiices once again 
to ^conducty the* potential at the junction of 
resisfBOrs- 100 and 103 falls sharply «o.ahat a 
puke is toruismitted.by the caroac&or 101 into 

10 the base of leransastor 102. Tiransfetor 102 is 
thus rontneaTaifilly turned into a donducring 
state -and-a. pu3se^ o2rrenU: ftows through the 
primary wluiding'of transformer 108. .Tthe vol- 
tage pulse wlhirib tthus appears in the secondary 

15 winding of transformer 108 thus renders 
thyristor 112 conducting with the result that 
a pulse is appMed iro the gate decffirode of 
dryriator 4, turning that thyristor into a con- 
-ducting <ssrri&Don. A sfimter action occurs in 

20 the case of pulse delay xircuit 9. 

It is apparent .therefore tttiaFt each pulse delay 
network ^ and " 9 delivers a pulse to render 
the associated, maan thydstior 4 or 5 conducting 
a gSven «bne after the iiiMation pulse from 

25 the master oscffiHtttor-and the [time delay be- 
tjween die- inOcMon pulse, from die master os- 
ctataioor and die dehvery of a Dulse by the delay 
.circuit & or die -delay cucuat 9 as given by 
a; dme constant, m tthe -case of delay circuit 

3D S"of capaoBDor 9& and the eflfiective impedance 
appeardng across the resistor 105 and in the 
case of delay cercuat 9 ftfte o ui iJe&pondtng cir- 
cuk elements. The effective topedance ap- 
-pearhig across resistor 105 and dre- corre- 

35 spending resistor of the delay circuit 9 is gov- 
erned by the" action of tttoe eOTerecffiBal carcuat 
14. 

. That pact of .the d&fiferedBiai circuit 14 
■ whaah acts on flihe delay circuit 8 comprises 

"40 a transrsttor 120 of die p.n.p. type, the ooMecoor 
Of which' is cxMUJeated to die junction of resas- 
tor 105 and diode 106 whilst .the emitter of 
-transistor- 120 is connected via .<a non-dinear 
network 121 'to the stabilised voltage rail 32. 

45 The base of ffiransismr 120 is connected vaa 
•a resistor- 122 *0 the stabilised votoge. rail 32 
and is ftndier connected to the collector of 
an np.n~ .transistor 123, me emarcter of which 
is connected via a resnaor 144 vritih die nega- 

50 ..tive lead 7 of the batttery. The base of tran- 
sistor< 123- is connected via diode 124 to the 
-wiper arm of a,steering. potentiometer 125 con- 

- nected. between, the stabilised voltage rail 32 
and the negative lead 7 of the battery. - m 9 

S5 ' JDt will -"be seen Sharif transistor 120 is in 
full- conduction die effective resistance appear- 
ing : a'CECOss resistance 105 is the panaHd com- 
bination of resistor 105 and non-linear network 

- 12L If transistor 120 is in a nonw3GTOucting 
60 condmxm nor (resistance appears across ^resistor 

105 and die effective resistance in series with 

- capacitor 98 is that of resistor 105 alone. The 
. transistor M20 . is .brought into < * mdu £: 

chm by transistor 123. It will be seen that the 
65 input tco die baseof mnsascor 123 comes from 



the wiper arm of the SDeering poteanometer. 
In the central position of the wiper arm, a 
potential ds applied to the base of transistor 
123 and the current flowing in this transistor 
is effectively given by the voltage at the wiper 70 
arm of the potentiometer divided by the value 
of die resistor 144. This current causes base 
current to flow in die transistor 120, thus turn- 
ing transistor 120 into a oonducamng condition. 
As die wiper arm of the meeting potentiometer 75 
125 is moved so that the potential thereof faHs, 
(transistor 123 is progressively turned off and 
so therefore is transistor 120. In the limit when 
the potential and the wiper arm is mat 
of the negative side of the battery, the 80 
transistor 123 is fully turned off and 
so is transistor 120. Accordingly, by 
varying the potential at die base of transistor 
123, the effective resistance appearing across 
resistor 105 is varied. Thus the delay between 85 
the mfesation pulse delivered tto die delay cir- 
cuit 8 by the master oscillator and the pulse 
delivered by the circuit 8 ito the gate electrode 
of -the main thyristor 4 is varied. 

The differential circuit which acts on the 90 
delay circuit 9 is generally similar to that de- 
scribed in TeBatron to the delay circuit 8. 

The pufce delay effected by the pulse delay 
circuit 8 or the pulse delay circuit 9 does not 
vary linearly wath variation of die steering 95 
angle. It is for this reason and because the 
response oi the pulse delay network is non-lin- 
ear that the non-linear network .121 is pro- 
vided. This network may consist simply of a 
voltage-dependent resistor, or aJteraatively of a 100 
resistor chain extending from the rail 32 with 
diode and resistor paths at intervals along the 
resistor chain feeding into the emitter of tran- 
sistor 120 and also the emitter of a transistor 
corresponding with transistor 120 and forming 105 
part of the differential circuit associated with 
the pulse delay circuit 9. Non-linear networks 
of the kind described are well-known and need 
not further be described. 

Bt is nece ssary in order to avoid overloading 110 
of die main thyrJstors 4 and 5 to provide for 
ftmS taafan of the current dieretjyough asnd'the 
rrr aT » m * ;r in which craxentJan&aarion is provided 
is shown in Figure' 6 of the accompanying 
drawings. On commutation of the main thyris- 115 
tors a voltage peak appears across each of the 
myz&stors of magrtode (less the battery vol- 
tage) proportional to the current flowing when 
the thyristor is commutated. The voltage peak 
appearing across the thyrtoors 4 and 5 ts made 120 
to cause current flow by mutual inductance 
in respective pick-up coife 130 and 131 (placed 
adjacent the main current conductor in series 
with the corresponding thyris tors. The two 
pick-up cafe 130 end 13d are connected in 125 
phase opposition across (the input to a full 
wave tectftfiier bridge 132 the output of which 
is connected, in series with, a further pick-vp 
coil 133 (which senses changes in the main 
. battery-current and is disposed adjacent the 130 
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main conductor 7 connected to the battery) 
to the input of a current limit detector circuit 
134 in which the negative peaks which occur 
on swfodarng on of the imydistors 4 & 5 are 

5 removed w&iflst the peaks T^hioh occur on the 
swittxhing dflf of these thytistare are amplified 
and compared with a standard voltage derived 
from a stabilised source such as a zener diode. 
It wLH be apparent (that when die two motor 

10 currents are equal the input to the full wave 
reotufier 132 is zero and the output supplied 
to the current limik detector 1134 will be simply 
than: of the pick-up coil 133 near die battery 
TTift in conductor 7, the current £unfc ddtedttor 

15 being adjusted to respond too a given voltage. 
In me case of different ourrenit ififiows in the 
two motors the input from the pack-up coils 
130 & 131 to the fuM wave radrifter bridge 
is not zero and due to the aatOon of nfce rectifier 

20 bridge 132 is added to the current in the coil 
133 which •detects change in battery current 
and the voltage input tjo the current Hmit de- 
cor 134 is increased. The output voltage of 
. the current hmfct detecnor is fed to the master 

25 uscillaioor 10 supplying pu&es to the main 
thyristors and when the output voltage from 
the cunrent fixnk detector rises above a prede- 
termined valine the frequency of the master os- 
ciUaicar commences to reduce thus reducing the 

30 current drawn from the batntery. In the limit 
when the current drawn by one of (the motors 
is zero, as may occur when a sharp bend as 
being negotiated., aire input voltage to the cur- 
rent tak dersdiJor 134 is the sum of (the vol- 

35 tage in the pick up coil 133 detecting changes 
in =die battery current and the rectified voltage 
in (the pick-up oofl 130 or 131 detecting die 
switching of die main mydsoor sn series with 
the other motor. This input to the current limit 

40 detector produces an output tfirom the detector 
which Us baBtary current teo a suitable safe 
proportion of. its previous vaUue that is m say 
its value when both motors were equally draw- 
ing current from die battery. 

45 As an alternative to the cuitrent Hrmiit system 
described only (two pick-up coils may be uti- 
lised, the coils being each associated with one 
of (die main tihyr&uurs and not being (nxtsxcon- 
nected. The coBs supply respective pulse delay 

50 networks associated each with one of (the main 
myristnrs. Jx.wM be appreciated that a change 
in current through, one of the pick-up cods 
causes , the associated delay network in which 
the otfii. signal tis cctnpared with a reference 

55 signal (to vary the width of (the pulses supplied 
no the relevant main thyirastor. When the coil 
current increases above a predetermined value, 
the. puke wdcteh of the maan ithyiistor firing 
pufise is unaiiowed and the mean current 
60 through the. corresponding motor is reduced. 
The. simultaneous commxfiC$rion of the main 
diynistors En series with the respective (motors 
can be accomplished in dStfsrerat ways from 
(that described, wfirh •reference to Figures 1 to 
65 5. 



First referring to Figure 7 of the accbm- * 
panying drawings, a capacfltor charging 
inductor 150 is placed .in series with 
the battery to form a branch con- 
nected across which are the parallel cdn-^ 70 
nected arms whfodh each comprise" one of $he 7 
motors 1 and 2 shuoced by the customary 60- 
called flywheel diode and in series with" the 
associated main tthyrastor 4 or 5. Also' connect- 
ed in paraflal across the series branch (formed 7j5 
by the battery and capacitor charging choke 
is a bridge network of iflbur idrfotisuors 151, 152, 
153 and 154. A capacitor 155 is connected 
to the thyristors of the bridge so ' that 
when the thyrfcooxs an either pah: of opposed 80 
arms of the bridge are (rendered conducting 
a condudting path is connected an series with 
the battery 3 and choke 150 which comprises 
in sequence die .myristor of one arm of the 
pah* of opposed tatms of (the bdtiige, the capaci- 85 
tor 155 and the nfrydtt&r m the other arm of 
die pair of opposed arms of the bridge. 

The opecatoDon of She cfiicuk described is as 
•follows. First the bifidge tbyrisaoits, e*g. thyris- 
tors 151 and 152 of opposed arms" of' the 90 
bridge tare simultaneously rendered conducting 
by pulses supplied tx> their gate elecnrodes by 
a separate oscfflator. The capacitor 155 is thus 
inductively iforward charged to a voltage level 
above the battery and at the completion of 95 
the charging process the two bridge thyristors 
which conduct the charging current are effec- 
tively extinguished. The main thyristors 
4 and 5 respectively in series with the 
motors 1 and 2 are then rendered conducting 100 
as described above either sinHxhaneousry or in 
sequence. The bridge thyristors 153 arid 154 
of the other pair of opposed bridge arms are 
then simukaneousry rendered condQcdng by 
pulses supplied «c* their respective' g?te eiec- 105 
trodes from the separate master oscillator. The 
negatively charged side of the capacitor ts thus 
connected to the end off the indirrtxxr 150 con- 
nected to the parallel motor circuits. Because 
of the high impedance of the inductor during 110 
the commutation period, the capacitor 155 re- 
verse biasses the main thyristors 4 and 5 asso- 
ciated with the motors thereby effectively' and 
simultaneously commutating them. The capaci- 
tor 155 then inductively charges in the reverse 115 
direction to a vohage level higher than the bat- 
tery and as the capacitor reaches to full re- 
verse charge the bridge thyristors canritfctHig 
the reverse charging current are esunguEsfied. 
The process is" then (repetitive and fc will' thus .120 
be seen that the commutation of the main 
thyristors is effected simultaneously by a single 
commutaiting network. The frywheel diodes as 
is weft-known serve to (maintain current flow 
in the motors in the interpulse period and also 125 
prevent self -inductance of the motors "main- 
taining current flow through the main tftyttis- 
tors during the commutation period. ** 

Referring now to the conimutanimg network 
shown in Figure 8, the inductor in series with .. 130 
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the positive side of the battery comprises a 
wanafbrmer primary winding 160 and across 
the series branch of the baTfeery and trans- 
former primary mmSng as connected a series 
branch comprising a capaaftor 161, a drode 
162 and the secondary winding of the (trans- 
former 163, itihe diode being present to prevent 
leakage of charge from the capacitor. Shunting 
the d&ode d<62 and (the (transformer secondary 
winding 163 is a fuflther thyristor 164. As be- 
fore the parallel connected arms which each 
include one o*f die motors and its associated 
main thyiSsfior are connected across -the series 
branch of the battery 3 and its series inductor 
160 which 5n this case is the primary wdnding 
of the transformer. The operation of this cir- 
cuit is as follows: (the battery current pulse 
which is taken by both or either of thse motors 
1 and 2 when the or either of (the main tfayris- 
rors 4 and 5 are conducting is employed by 
transformer action to charge (the capacitor 161 
so that .the capacitor plate comrected «o the 
transformer primary winding 160 fa negatively 
charged wh2st die other plate of the capacitor 
which via (the diode 162 is connecrted Co the 
transformer secondary winding is positively 
charged. The magnitude of the capaoBDor 
charge depends on the baiuteiy current and the 
teansformer <*1 m Tuct eristics. The further fthyris- 
tor 164 is then rendered conducting by a pulse 
suppled rt» its gate electrode (from a separate 
osciHator. In its conducting state die further 
diyrtoor connects the positive pkte of the ca- 
pacitor <tt> The negative side of (the banoery so 
that the cither pJate of die capacitor ds driven 
negsttrve with respect to the (negative side of 
the boffitery, <tMs being possible by virtue of 
the self -inductance of the iiansfonner primary 
winding which has a high impedance at this 
[frequency. As the capacitor plate (which is con- 
nected no the transformer primary winding 160 
is thus dkiven negative the main diyriators 4 
and 5 are reverse Biassed and, therefore, sdmui- 
taneously commutated. Hie process is then 
repetitive on one or both of (the main tmyristors 
bemg again rendered conducting. It may be 
better to substkute jPor the diode 162 an addi- 
tional dhyrisoutr which is fired into conduction 
when one or both of <tbe main, thyrisrors 4- and 
5 are rendered conducting by a pulse from 
the ostattalxxr contrdHing ahe main thyristors 
or (from a separate osctSteaor. The presence in- 
stead of (the diode of (the additional myristor 
avoids any possibiti/ty of die secondary winding 
of the ^transformer being shorf-orctrifted during 
commutation, i.e. during conduction of the 
further thyristar 164. Short-circuiting of the 
transfbrmer secondary winding as is well- 
known resititts in negKgibfle inductance in the 
p&znary wondling whereas primary induc- 
tance during commutation is essential. 

A further ccanmutating network is seen in 
Figure 9 which shows a first inductor 170 dis- 
posed in series with the positive side of the 
battery. Across the battery and first inductor 



are connected the parallel arms each of which 
consist of one of the motors 1 or 2 in series 
with its associated main (thyristor 4 or 5. Each 
motor is shown as beting shunted with the weSi- 
known so-called flywheel diode 171 or 172, 
normally associated with an inductive load, to 
ensure current flow is maintained in each 
motor or between commutation and re-firing of 
the associated main thyristor. 

Also connected across the battery 3 and 
first induction 1 70 is a further thyris- 
tor 173 in series with a capacitor 
174, the capacitor being shunted by 
another thyristor 175 in series with a second 
inductor 1 76. In operation, assume that 
initially the main thyristors 4 and 5 
are non-conducting and that the further 
thyristor 173 in series with the capa- 
citor 174 is pulsed into conduction from 
a separate oscillator. The capacitor 174 
thus charges by way of she the first inductor 
170 and further diyr&Gor 173 to a level above 
the supply pxffierJtial As (the capacitor 174 
reaches its full charge the further thyristor 173 
is extinguished. The main thyristors 4 and 5 
are then either simuten^ously or sequentially 
rendered conducting by the master oscillator 
in the manner earlier described and at some 
time before or after the main diyristors are 
rendered conducting the thyristor 175 in series 
with (the second inductor 176 is puked into 
<xmducctt>n either {from, the master oscillator 
controlling (the main thyristors or from a sepa- 
rate oscillator. The capacitor 177 is thus re- 
verse charged by the second faduceor and when 
it reaches its full reverse charge the thyristor 
175 in series w&th the second inductor is extin- 
guished. At the ilTffTnmffceatt of a fixed period 
die further diyrisftor 173 which is dn series with 
(the capacitor is again rendered conducting so 
mat the reverse charge on the capacitor is pre- 
sented across the battery and first inductor. 
This effectively reverses the potential at the 
junction of the further (Thyristor 17B and the 
dfest inductor 170 so that *he diodes 171 and 

172 shunting the motors and the main thyris- 
tors 4 and 5 are. effectively ^reverse biassed and 
therefore, the main thyristors' are simultane- 
ously commutated. The capacitor (then again 
is (forward charged by the batntery and the first 
inductor 170 by way of (the further (thyristor 

173 and she cyole of (the process then repeats. 
It should be noted (that the circuit of Figure 

2 has the advantage over the anangement of 
Figure 9 in that the charge on die commutat- 
ing capacitor 18 is not as load dependent as 
is Jthat on -the commntsuting capacitor 174 of 
the Figure 9 arrangement. Also the charge of 
commutating capacitor 18 is usefully utilised 
to supply power to the motors and (this is not 
the case with die described circuit of Figure 
9. The circuit arrangement of Figure 2, & will 
be noted, and particularly the common diode 
20, pr ev en ts shoifr<iraisting of the battery be- 
ing able -Do occur. 
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Those skilled dp (the axtt w&l appreciate that 
though die vetitcte drive system described 
above, part&iffordy £n rotation to Figures 1 to 
5 achieves die supply of different driving 
5 power to die (two motors by rnajiyaiflmg die. 
power to one motor constant: whilst varying 
the power to aire other motor, die carcditry 
cotiid equally weH be adapted so tthait as the 
power so one motor was increased ttihe power 
10 supplied to the other motor was conre- 
spuudingjy reduced and vice versa. 

AMiougb (the emibodlimenjrs her e liAwfore de> 
scribed have been desctt^bed wid* reference to 
the conurol df the traction motors of on eledttri- 
1$ cally-driven vehicle, the invention is equally 
applicable to che case where it is required to 
control any electricadfy-operaioed drive system 
an which (mere axe fflwo DJC demic motors 
wh&ch required to be supplied under certain 
- 20 condfotas df operation wfib dMftccent driving 
power. Thus, for example, die embodiment de- 
scribed in Figures 1 too 5 can Tory sfimjpiy be 
adapted so control die eletnric motors of a fork 
'Eft truck having a single traction motor and 
^ a motor for ditjvting dae hydraulic pump which 
effects operanfom of die auxiliary services of 
the vehicle, e.g. fthe raising and lowering of 
die load, dte itfMng of fche [fork carrroage sup- 
porting mast, etc. For this application of the 
30 {OTren&fcB Jthe foot control resistor 11 ds re- 
placed by a preset Tester which sens the mas- 
ter oscillator to fax tmterfmiwn frequency. Abo, 
instead of the potentiometer 125 there are pro- 
vficfed two separatee poxentfameters, one don- 
35 •tinolfing che input to dre " "fcmy fam * 123 of delay 
dbcuat 8 and (me otter controlling live input 
to a corresponding tfiraasSstor of delay drouk 
9. One of die poxentf&meters, for example po~ 
J te ut k j maie i- 125, has its w%>er aim coupfed to 
40 the foot control of die vehicle amd since die 
master oscillator ds sot to operate Bit mwrnminn 
frequency die initial seating of die foot control 
potendomeTer as such as to produce the maxi- 
mum delay between die arjoKnsitifon of a puke 
4 ^ foam tto master oscSHaitor and die firing pulse 
from die delay circuit 8 to die dryristor 4. 
*IMs gjives a nriralmitm pulse wood* to the trac- 
tion motor and further depression of the foot 
pedal acts progressively to reduce the delay 
50 and thereby increase the pulse width until ulti- 
mately there is no delay and the traction motor 
is operating at maximum pulse width and 
maximum frecjuency. 

The potentPometer corresponding vwitih. po- 
55 tendotoEtter ^ 125 which is associated wattn die 
delay circuit 9 has Sa wiper arm coupled <to 
die hydtcauiKc lever of die ve&irie. The initial 
se tting ctf the hydraulic lever as again such as 
to give maximum delay between (the anStaation 
60 of a pulse ifiram die master oscSJator and die 
supply oif a pulse to, the delay rircuk 9 to 
die mam tfeyifernr 5. Progressive movement of 
*k e ^ ev ^ r ll ^ n reduces da delay »*d, accord- 
ingly, finonaases die puke w&Jth so ufaart the 
65 pump motor trs suppdSed wSdi greater power 



and die pumping rate of hydraulic fluid ds ec- 
/CordSrjgfly 

It vStl be seen, aheretore, ditait the speed of 
the two motors can be vaiaecfi Smiulfcaneousiy 
or independendy. 

Anodier app^caJtSon of "(the embodiment of 
the ^entfioa just described would be to me 
traction motors of a (track-laying vehicle in 
which separate motors conDroQ die speed of die 
track at die respective sides of die vehicle. In 
tims instance the cwo rxttenaiotmetters adfcmg on 
the delay ciroudits 8 and 9 would be coupled 
to (reqpecafive levers whdeh could be operated 
simul taneously or independendy. It will be ap- 
parent in this case daar a traefc-tfaydng vehicle 
can be provided which as able «o turn in We 
more than its own length. 

It will be apparent io those skilled in the 
«: ithait die dntve systems rfesorfbed above can 
be appEed fiasfiead of n» die, control of D.C 
sedes aiocors, to die CorsnroB of D.C. motors, 
die speed of which are controlled by oonicrod- 
m^r die field orcufts dreoneof instead of the 
armature circuits. 

^° ur ^POKfing apjihlaainEon No. 41488/71 

(SetSad No. 1263262} <fescr®>e5 and claims die 

commutation circuit illustrated in and described 

wi ™ I ? f ^£ ence to the accompanying drawings. 
WHAT WE CLAIM IS: — 

1. An elaatrk^lty^^eiaftjed, <Mferenaslly 
variable drlrve syssttn in which two D.C dec- 
tofcnm«3ors are capable of being suppMed with 
dyfi erent drivmg power, OMnpnisdng two efce- 
«tic motoats, aiwo semd-consfciatar swfecMng de- 
vices far respectively connecting die motors to 
and disconnecting the motors from electrical 
supply means, a master etatmicai oscntodor for 
poroddng respedrive output croons of deatrical 
impulses to effect a^mmtion of (the sv^fcchhig 
devffioes thereby. trepaatw% to cormect each 
electeic mooor to and tfiscoimect each electric 
motor ftxnn the electrical supply means, first 
control means for continuously conirrcffiog the 
output tcattns of efcanrfcai topufces tem the 
master oocnlator (thereby no vary in hke man- 
ner die swtSttfaing of (the sw&tgbing devisees so 
as equally to vary die arjeaan power supplied 
toeach motor, and, second control means 
operable to dflfaot switching of die switching 
devices so as contmuously to vary die mean 
gwer supp lied to one motor relatrvely to the 
mean power supplied to die other motor. 

2. A drive system as hi xSkfim 1, 
wherein die semiconductor ^w&chang devices 
comprise respective main thyristors disposed 
on series with xhe electric motors. 

3. A drive system as ffe»mT>d fin claim 2, 
wherein the seco nd means include puke delay 
draxe& ftrjterposed) between output connections 
of die master oscillator and the respective 
dryjfeors, means for dimaihaneously camrau- 
tatiing the main thyristors and means for vary- 
ing die delay df ait least one of the delay c&- 
"puoitB, (the arrangement being such dialt on vary- 
ong die delay of one reJadve to die other of 
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the delay circuits the switching on of one 
of ' the main thyristors to connect the 
motor associated with chat thyristor to 
the supply takes place after the switch- 
5 ing on of the other mam thyristor so that on 
suttdttJaneofus commutaflfibix <of tabs main thytttis- 
tors one thas coaductted? flor a shorter period 
tten the ofther. 

4. A drive system as dawned? in daim 3, 
10 wherein a dingle ckcufo: having a cornmurcaimng 

capacitor is employed to effect oummuff&tfflon 
saStoufljoaoeousily of Hhe main &yfflfeGors> die dis- 
charge path c5f the. coonmuntaitmg' capascdtsr dur- 
ing commutation including ft-be motors (and re- 
15 spective dlBodSas in S±ie free wheel pafths of the 
motxxrs. 

5. A drive system as claimed in claim 3 or 
pbwn 4, whereus (me master csccHafCar its adapt- 
ed <to supply a pulse so tto operate tthe means 

20 for simultaneously oofmniirmiflmg /the mam 
dryifecors thait safid comtmuffiattkig means are 
placed in a condMoix to enable cmanutatiDn 
(to fcafce pfefce a preddterrntocf time altar die 
supply ox said pulse ifiranrdie master oscillator. 

25 6. A dcxve system as daimfd on cMm 5, 
wherein there are provided pulse <widdt regu- 
lating means winch. <on die supply of sakt pulse 
from fthe master osciEiaitxxr to die oommuitsrtmg 
means are triggered 90 as, atffcer a predeter- 

30 mined ftSme, to upeiaae afoe cwmmutBtmg (means 
tso effect snrjuk&neous cJotmraufnafllion of the 

7. A <Mve system as rfamned in any one 
of claims 3 to 6, wherein the pulse delay cir- 

35 cults incorporate uott-Enear circuit means 
adapted to reorder a change in die delay effect- 
ed by enthetr oivawr propodttBonal to the change 
in die ctSemenx causing saM rfw-nge of delay. 

8. A drive system as ffeimedi in any one 
40 of claims 3 to 7, wherein Che drive system 



ms&rs comprise the otracnfibn motors of a vehi- 
cle, die speed of which is controlled fay means 
adapted to control die frequency of the master 
asdmtor and (die steering of which is con- 
trolled by means 'adapted to vary the delay 45 
effected by at feast one of die delay circuits, 

9. A drive system as claimed in any one 
of cliaams. 3 to 7, wherein the drive system 
motors com p r i se a vehicle traction motor and 

a further motor and further wherein die fre- 50 
quency of die master oscillator is preset at a 
fixed maximum vaitue, die speed of each motor 
being independently controlled by movement 
of a member wMrih serves to vary the delay 
effected by the puke delay circuiit associated 55 
with that motor. 

10. A drive system as claimed in claim 9, 
wherein the vehrfcfe ffiractsaa motor drives one 
track of a track laying vehicle and 

the (farther motor drives the omer track of said 60 
vehicle. 

11. A drive system as claimed in claim 10, 
wherein the vehicle is an industrial truck and 
the further motor is employed to drive auxi- 
liary services of said truck. 65 

12. An electrically-operated drive system in 
which two D.C. electric motors are capable 
of being supplied with a different driving 
power, arranged and adapted to operate sub- 
stantially as hereinbefore described with refer- 70 
ence to Figures 1 to 5 or Figures 1 to 5 as 
modified by Figure 7, Figure 8 or Figure 9 

of the accompanying drawings. 

MATHYS & SQUIRE, 
Chartered (Patent Agents, 

10 Fteet Surest, 

London, E.C.4. 
Agents for the Applicants 
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